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ABSTRACT 

The Haystack Pointing System, implemented on the Univac 490 computer,  is 

comprised of some thirty odd subprograms which go to make up an operating system 

and a utility system.   The domain of this memorandum is limited to the description 

of the control of the operating system as vested in the master control and timing pro- 

grams and in the computer itself via its external and internal interrupt capabilities. 

In the discussion of the programmed control function are included the real-time and 

simulation modes of the system, the man-machine communication scheme, the experi 

ment set-up procedures, a step by step description of the entire system cycle, the 

plug-in program concept as utilized in connection with the celestial computation pro- 

grams and data processing programs as well as other system facets as they relate to 

control. 

In addition,certain procedural matters which bear on the control structure are 

discussed. 
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I. INTRODUCTION 

The Haystack Pointing program system consists of an operating system and a 

utility system.    The primary purpose of this memorandum is the description of the 

control of the operating system as vested in the control and timing programs and in 

the computer itself.    Procedural matters which relate to this control are also dis- 

cussed. 

A word on the utility system is in order, for it is almost as important to the 

successful running of the Haystack system as the operating system.   A programmer 

who writes a new program for the pointing system or modifies an old one first com- 

piles his deck obtaining a relocatable machine language version on binary tape.    This 

program is then added to (or replaces the obsolete version in a stack of) like programs 

on magnetic tape, of which there are three:   in-core, celestial, and data processing. 

A single tape called the Master Bootstrap Tape is then made up with all the programs 

properly relocated and linked.    This tape is the one read into the computer to begin 

the operating system (see Reference 1).    In order for a program to fit into the oper- 

ating system, it must follow certain rules that are laid down herein. 

The computer is a Univac 490 Real-Time Computer.    This machine has 

32, 768 words of magnetic core memory, each word being 30 bits long including sign. 

The average instruction time is   10 IJLS.   The instruction repertoire consists of  62 

basic single precision arithmetic commands,  logical commands,  and control orders. 

Each instruction is subject to modifications of control and address, making a versa- 

tile structure of some   25,000 effectively different commands. 

It is in the in-out system, however, that the Univac 490 is eminently suitable 

as an antenna pointing computer.    It has buffered input and output on   14   channels, 

with or without interrupt as desired on completion of the operation.    Interrupts may 

also be generated by the external equipment.    The ordering of input, output,  interrupt, 

and channel is done on a priority basis. 

The master control program, MCP, in the operating system has the task of synch- 

ronizing the system with the real external world, of sequencing the programs properly 

in response to the demands of an experimenter, and of providing the necessary link 



between the computer programs and the man-machine communication system.    The 

first job is accomplished by keeping track of real time* and tying the main computa- 

tion cycle to an internal interrupt caused by the periodic emptying of a set of computed 

antenna positions (actually azimuths) from their core storage.    The second task 

involves finding out what the experimenter wants to do, reading in the necessary pro- 

grants) from the Master Bootstrap Tape, initializing the system, and starting the 

main computation cycle.    The communication link that is provided is primarily a 

device for matching the computer speed against that of an operator without noticeable 

delay or frustration on the part of either machine or man. 

Before plunging into the details of this system, mention should be made of the 

fact that not only does the system attempt to point the Haystack antenna at a variety 

of objects in the sky to a precision of better than   1"   of arc in real time, but it can 

operate in a non-real time simulated mode.    In this latter mode, the output is not a 

command to the antenna, but a set of points to be printed.    Thus, for example, look 

angles at hourly intervals for a planet for a year may be computed and recorded on 

magnetic tape in little over half an hour.    To be useful, they of course, have to be 

printed, which,  in this example, takes about one hour on the 490. 

II. INPUT-OUTPUT 

The details of the input-output system are more thoroughly covered in 

Reference 2 than here, but enough is covered to give an overall feel. 

There are   14   input and   14   output channels, with transfers taking place on 

a buffered basis.    Each transfer takes two memory cycles or   12 /ixs   from the main 

frame, and ties up the input-output equipment for   18 JUS.    Thus, the maximum trans- 

fer rate on all channels is slightly over one and a half million bits per second.    The 

actual rate of transfer is governed by the external equipment.    The completion of 

transfer of a block of data may, if desired, be signaled by an internal interrupt. 

In addition, there are   14   external interrupt lines which may be connected to peri- 

pheral equipment.    The present assignment of channels and interrupts is given in 

the table in Appendix A. 

*A simulated time mode described later also exists. 



A priority hierachy governs the order in which requests for transfer or 

interrupt are honored.    Higher numbered channels have priority over lower numbered 

ones.    This is reflected in Appendix A where it is seen that magnetic tapes with the 

highest transfer rate is given top priority and the teletype and teleprinter with the 

lowest rate are given lowest priority.    Except for magnetic tape the assignment is not 

really crucial. 

The basic rate with which the computer is concerned is the   4 ms   output rate 

to the azimuth and elevation servo systems.   It was determined that a four-point 

interpolation formula with points computed accurately at two-second intervals would 

provide interpolated points at the   4 ms   rate with sufficient precision.   Two seconds 

is thus the basic system frame time,  as it is called hereafter.    That is, every two 

seconds a cycle is started which does everything necessary to provide the   500   points 

needed for the following frame.    The emptying of the azimuth output buffer and the 

consequent internal interrupt is the actual synchronizing signal. 

III.        SUBPROGRAM STRUCTURE AND CONVENTIONS 

Each program in the pointing system is subject to a number of restrictions 

and conventions. 

Programming must be done in the SPURT* language.    An up-to-date symbolic 

card deck is maintained.    The format of these cards is described in Reference 1. 

Compilation at the U-490 results in a printed listing.   Furthermore, a magnetic tape 

for each program with a 321   and a   301   output from the SPURT compilation is kept 

at the Haystack site. 

Certain quantities must be passed between subprograms.    These are kept in 

a section of memory called Common Storage   .   Other quantities are also conveniently 

kept there.    Thus, references to these quantities must use a standard name.    At 

compilation time an Allocation Tape equates actual memory locations with these 

*SPURT is the basic machine language compiler provided by Univac for the 490 
computer. 

tA 321 output is a relocatable binary program as stored on magnetic tape. 

*A 301 output is a magnetic tape image of the symbolic program in a format suitable 
for recompilation (or correction) by SPURT. 

+See Appendix B for Common Storage detailed description. 
oThis cycle is known as the Antenna Buffer Chain.    See p. 15 for a full description. 



names.    A program is prohibited from using the name of any Common Storage register 

within his program for any use that conflicts with the Common Storage use. 

Each program consists of an initialization section and an operation section. 

The first register of each program contains in the upper half (first fifteen bits) the 

entry address of the operation section, and in the lower half (last fifteen bits) the 

entry address of the initialization section.    The initialization section starts with an 

ENTRY instruction and normally ends with an EXIT instruction.    The operation 

section similarly starts and ends.    For those programs with error returns, this 

return precedes the normal return in the calling sequence of the calling program. 

Only the initialization section of a program may communicate with an operator 

via the teleprinter using Intercom.*  (All sections may use the Printer Log program 

for output on the high-speed printer.)   Once an initialization section has been entered, 

it must exit (to the control program) or go to Intercom (even if only with a vacuous 

request) within   1. 5   seconds.    Upon return from Intercom, the same restriction 

must be met:   either exit or go to Intercom within   1. 5   seconds.    The star, planet, 

sun, and moon programs as well as the coordinate conversion program all require 

references to tables stored on magnetic tape.    Since they are held up waiting for 

magnetic tape interrupts, they are unable to meet the   1. 5   second restriction.    The 

control program,  if asked to reinitialize the sun, moon,  star, or planet programs 

(there is no provision for reinitializing coordinate conversion) turns off the output 

to the antenna so that no azimuth buffer interrupt occurs.   When reinitialization is 

through, control restarts the antenna buffer output just as it does on initialization. 

The second register of each program contains the five Fieldata characters 

which constitute the system name of the program.    See Appendix C for the list of 

names.    This name is used to identify the program on tape and in logging. 

All subprograms may use the A, Q, or B   registers freely with the exceptions 

of  Bl   and   B2.    If these two index registers are used, their initial contents must 

be saved upon entrance and restored upon exit. 

Some programs may also have interrupt sections.    These start with an ENTRY 

instruction, and usually end with an RILJPL (address of ENTRY).    Therefore, inter- 

rupts (which are locked out by the computer automatically upon one being answered) 

are kept locked out until the last instruction of the interrupt answering routine has 

*See Reference 6 for a detailed description. 

tSee Reference 8 for a detailed description. 



been executed.    There are rare exceptions. *   The length of an interrupt routine is 

set at about one-tenth of the basic   4 ms   antenna output rate in order to assure that 

a fresh supply of   500   points may be provided in time when needed.    Thus, an interrupt 

routine may use only  400 us   or on the average, 40   instructions.    Again, there are 

rare exceptions. *   The interrupt program must restore all registers (A, Q, and B) 

which it uses to their entrance values before leaving. 

IV. COMMUNICATION BETWEEN MAN AND COMPUTER 

A. Console Keyboard-Printer 

Standard equipment on the Univac 490   is a keyboard and teleprinter.    The 

characters include all the letters (upper case form), numerals, various symbols, 

and controls.    The printer operates at a maximum rate of   10   characters per second. 

The keyboard and printer are not tied together.    Rather, a key when struck is norm- 

ally read by the computer which in turn prints the character corresponding to that 

key, though in some situations it may make a substitution. 

It is this device which is used as the basic means of communication between 

man and the computer.    A person types on the keyboard information which he wishes 

to enter into the computer.    The computer prints this on the printer, and also takes 

the appropriate control action.    The computer for its part may print information or 

requests for information on the printer.    The man-machine interplay is what sets 

up the computer parameters for the experiment which the man wishes to conduct. 

In the Haystack Pointing System, this communication is handled by a program 

called Intercom.     It forms an integral link with the control program, described 

later.    Intercom is capable of input (from the man) of alphanumeric characters, 

decimal or octal numbers, and controls and output (from any subprogram in the 

system) of statements or questions. 

Briefly, the initialization section of a program in the system puts out a request 

for information which may be a YES or NO, a number of an option, a parameter 

*The Antenna Buffer Interrupt Chain and the Right Ascension-Declination Display 
programs are exempted. 

tSee Figure 1 for photograph of keyboard. 



Fig.   1.    Console keyboard-printer 



(such as the semi-major axis of a satellite), or some titling information.    The man 

then types in the information, terminating with a (carriage) return.    This goes on 

until each program in the system has been initialized.    The man may tell the machine 

that he wishes to change the setup by hitting an attention key (labeled fSj on the key- 

board).    The computer then determines from the man's responses to a series of 

questions what course of action to take. 

Intercom also provides an error control, a means for the man to erase an 

answer, and a means to force in, in some cases, a number which normally would 

be rejected. 

The questions and choices which the machine puts out are worded as unambig- 

uously and succinctly as possible, to make it easy for an experimenter to set up his 

problem, with very little training in computer use.    The questions put by the control 

program and by the timing program, the interpretation of responses, and information 

statements are given in Appendix E.    The two main modes and two submodes of each 

are described in Appendix F.   Questions put by other programs of the Pointing System 

are given in the memoranda describing these programs. 

An experienced operator may answer a question before it is finished printing. 

Thus,  if one knows that there are choices   1, 2,  3,   and   4 to the current question 

and what these choices mean, he may type, at any time while the question is being 

printed, his answer followed by a carriage return.    A carriage return alone will cause 

the standard answer for that question to be used.    In either case, the printing of the 

answer is begun.    A complete log of all questions in their entirety and the operator 

responses is printed on the high-speed printer.    If the high-speed printer is off for 

one reason or another, this short-circuiting of questions is not permitted unless 

jump key   1   is on. 

B. Buttons 

There are other man-machine communication devices.   One of these is a 

button labeled "START POINTING PROGRAM" which, when pressed, executes a series 

of actions culminating in the reading in the basic in-core programs from magnetic 

tape.    This "bootstrap" procedure is described later and in Reference 1.    There are 

also buttons labeled "JUMP 1, "   "JUMP 2, "   "JUMP 3"   whose action is described in 



sections on West Ford and Planning in Reference   8   and in a memorandum on the Print 

Program (Reference 9). 

V. INTERCOM INTERLACE 

Intercom has two entry points as do most other system programs.   These 

entry points, however, do not exactly parallel the functions of those in other programs. 

The operation section of Intercom is the route that all system programs must follow 

in order to input and/or output information on the teleprinter.    The initialization 

section of Intercom really serves a dual role.   When MCP enters the initialization 

section, two very important control benchmarks are established.    The first of these 

is the latest location, within MCP, to which Intercom will pass control while input 

and/or output via the teleprinter is in progress, but not completed.   The second is 

the latest location, within MCP, to which control must be passed when it is next 

necessary to report the type-in of the attention symbol. 

The attention symbol concept is at the very core of the design of the Master 

Pointing Program and as such is vital to the understanding of the system logic.    When 

the attention key is struck in either upper or lower case, it is interpreted by the 

Pointing System to mean that the experimenter wants to communicate with the system 

as soon as possible.   The way this is accomplished as well as the way Intercom Inter- 

lace in general works is illustrated in Fig. 2 and 3. 

It should be noted in these diagrams that Intercom takes no immediate action 

when the attention key is struck, rather it exits to the MCP attention return point the 

next time it is entered in the initialization section by MCP. 

Further, it should be noted that control does not return to a user program 

from Intercom until all input/output connected with its request is finished; rather 

control is returned to MCP at either the normal return point or the attention return 

point depending on whether or not the attention key has been struck.   This means 

that the user program may be held up indefinitely (until an answer terminated by a 

carriage return occurs).   This is the reason why only the initialization sections of 

programs may use Intercom.    Should the working section be held up waiting for an 

answer, the system timing could not be maintained.    Even if no answer is expected, 

the working section cannot use the teleprinter for, say, comments.  Since only one 

program at a time may use Intercom, it is the responsibility of the control program 
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to sequence properly through the initialization sections, either during system initial- 

ization or during reinitialization. 

The Intercom interlace normally lies outside of the antenna buffer chain in a 

waiting loop.    If there is a data processing program in the system, it is also included 

in the waiting loop.    If the data processing program takes longer than about   1. 5   to 

1. 75   seconds it may be interrupted by the antenna buffer chain.   At the completion 

of this interrupt, control is normally returned to the point of interrupt* in the data 

processing program.    If this program is not yet finished by the time of the next 

azimuth buffer interrupt, there will have been no Intercom interlace executed this 

frame.    The question and answer session will have come to a stop; even attention 

requests will not have been honored.    Indeed,  if the data processing program takes an 

infinite length of time, man-machine communications would cease entirely.    Therefore, 

the Intercom interlace moves within the antenna buffer chain if the interrupted program 

is a data processing program.    The maintenance of communications is assured, with 

the longest response time set at about two seconds.    (With no data processing program 

in the system, the longest response time is about one quarter-second.) 

The fact that the Intercom interlace may be within the antenna buffer chain 

explains the restriction on returns to Intercom (or to the control program by EXIT) 

by a user program every   1. 5   seconds.    Since it would be fatal for any program to 

interrupt itself, this restriction assures that the antenna buffer chain exits before 

it is entered again at the next two-second mark. 

VI. CONTROL 

A. General 

The sequence of operating programs in the Haystack system is determined by 

the Master Control Program (MCP) and by the interrupt capability of the computer. 

^A-data processing program may be written to take all the remaining time in a frame, 
by setting the appropriate common storage switch,  it can request that control be 
returned to the beginning of the waiting loop,  including the Intercom interlace, and 
to the beginning of the data processing program, rather than to the point at which it 
was interrupted. 

11 



When the Pointing program is first read in, control initializes several subprograms 

of the system, begins output to the antenna, and then goes into a waiting loop.    The 

different program actions which take place occur as the result of various interrupts, 

the basic one being a request every two seconds (in normal operation) for 500 more 

pointing data to the antenna.    These actions are described in detail in the following 

sections. 

B. Control Set-Up 

When the "START POINTING PROGRAM" button is pushed, a wired-in program 

is started which reads into core a magnetic tape record in the "bootstrap" format. 

In the Pointing system, this record contains those programs which are in-core all 

the time regardless of the particular experiment being carried out.    If the tape is 

read without a detected error, control is transferred to the MCP.    See Reference 1, 

for format and method of making a system tape. 

MCP now begins its initialization procedure.    It sets values into some of the 

Common Storage registers.* It disables interrupts.    It sets up entry points to the 

several subprograms.    It establishes the Intercom interlace described previously. 

Through a series of questions and answers with the experimenter, the 

experiment parameters are entered into the system.    This includes the reading in 

of the requested Celestial Point Computation program and a Data Processing program, 

if any, and their question-answer exchange.   Other subprograms are also initialized 

at this time. 

MCP now goes through the business of obtaining the first bufferful of data by 

entering a subset of programs of the antenna buffer chain (described later) four 

times with the correct times so that a set of interpolated pointing data valid for the 

experiment start time is ready. 

MCP then bides its time until the clock reaches the experiment start time, 

when it enters the antenna buffer chain, beginning the first output of points to the 

antenna, and incidentally establishing a waiting loop. 

From this point on, the various program actions are initiated by the different 

interrupts which occur. 

*See Appendix D for detailed description. 

12 



C. Site Control 

The Pointing system can be controlled from the Haystack site or the Westford 

site.    If JUMP KEY   3   is on,  Intercom is told to accept input from Westford; other- 

wise, Haystack is in charge.    In either case, pointing data goes out to both sites 

where it is accepted or rejected. * 

D. Interrupt Entrance Registers 

First, MCP sets all interrupt entrance registers to "Release Interrupt Lockout 

(RIL)" instruction. Next, those subprograms which have interrupt answering sections 

set the appropriate interrupt entrance register. MCP also sets the interrupt entrance 

register for the azimuth output channel to enter the antenna buffer chain. 

E. Entry Sort 

The SYS LOADER program   sets up a table of subprogram names and entrance 

registers during the process of preparing a magnetic tape copy of the Pointing System. 

MCP in effect sorts this table to provide for itself and other programs in the system 

a block of initialization and operation entries for every program. 

F. Common Storage Registers 

MCP sets up a number of Common Storage registers, on first being boot- 

strapped in, to their accepted values, namely, those dealing with the figure of the 

earth, site characteristics, astronomical constants,  system status, and a few mis- 

cellaneous ones.    These are given in Appendix G. 

G. Experiment Parameter Set-Up 

1. Initialization 

Left over scans are cleared.    Dynamic Dump is turned off.   Outputs are 

terminated on azimuth, elevation, and magnetic tape channels.   The Ephemeris tape 

is rewound.    MCP asks for the Title to be used in identifying recorded data for this 

experiment. 

*See References   5  and   7. 

tSee Reference   1. 

tSee Reference   21. 
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2. Timing 

Timing, while an integral part of control, is, for convenience, a separate 

subprogram.    Upon being initialized for the first time, this program asks for the 

month and day; at subsequent initializations, this information is requested only when 

in simulated mode.    The   100 /xsec   clock is read and printed and used to set up 

the system time registers. 

The type of run, real time or simulated, is asked of the experimenter.   For 

real-time runs, one has the option of beginning at a stated time or "as soon as 

possible".    For simulated runs, one may elect a stationary time or a fictitious start 

time.    In the latter case, one may also vary the time between computed points (frame 

size, normally set at   2   seconds), the system cycle time (slow speed   =   2   seconds, 

or high speed  «   1/4 second), and the duration of the run, in days. 

H. Celestial Point Computation 

The experimenter is given his choice of   8   basic celestial programs:   (1) 

belt,    (2) satellite,    (3) fixed azimuth-elevation,    (4) sun,    (5) star,    (6) planet, 

(7) moon, and   (8) fixed right ascension-declination.    If the chosen program is not 

in core memory it is read in from magnetic tape.    If successful in blocking in the 

program,  MCP initializes the coordinate conversion program, the right ascension - 

declination display program, the Westford intersite coupling program, and then the 

celestial point computation program.    The recording, acquisition, and interpolation 

programs are also initialized now. 

I. Starting the System 

Given azimuth, elevation,  doppler, and range at   t„   and having saved these 

quantities for   t_.,    t  ,    and   t,,   where   t,,   t  ,   t.,   and   t„   are successive 

times one frame size (normally   2   seconds) apart,  the Interpolation program,  using 

a four-point formula interpolates the   500  azimuth, elevation, and doppler values, 

and the one range value valid in the interval   (t  , t,). 

Thus,  if the first output is to occur at   t  ,    the interpolation must have 

occurred earlier.    Therefore,  MCP, knowing that the system will start at   t  , goes 

through the point computation chain* four times with time set successively to   t_ ., 

*This consists of most of the programs in the antenna buffer chain described in the 
next section. 

14 



tQ,   tr   and  t2. 

MCP now monitors the clock.   When it reaches   t  ,   the azimuth buffer chain 

is entered (with computation time set at   t~)   where the output for the frame   (t  ,   t.) 

is initiated and the output for the next frame (t,, t„)   is computed. 

The above describes real-time operation.    In simulated time, the clock is not 

monitored.    The planning program is initialized when in simulated mode. 

At this point, the system is cycling.    In real time, and slow speed simulated 

time, the two-second interrupt which occurs when the azimuth buffer empties causes 

the antenna buffer chain to be entered,  providing the next buffer of points.    In 

high -speed simulated time, the antenna buffer chain is entered when both recording 

and Intercom output channels are not busy. 

J. The Antenna Buffer Chain 

Each two seconds when an azimuth buffer is emptied, an internal interrupt 

causes the antenna buffer chain to start its main function of providing a new set of 

500-word buffers of azimuth and of elevation,  500 values of doppler, and   1   value of 

range.    The complete sequence of programs takes about one quarter second.   Follow- 

ing are short descriptions of each program in this chain. 

1. Control 

MCP orders programs in the chain. It also alternates buffers, starts output 

of the command azimuths and elevations, and input of the actual (encoder) azimuths 

and elevations.    It reads the clock at appropriate points in the chain. 

2. Timing 

The Timing program provides times for each program in the chain that needs 

it.    Normally, these times will all be the same and be three frame sizes later than 

the start of the current frame (in real-time operation, this will be   6   seconds later). 

These times may be modified, however, to take account of transit time, effective 

changes in perigee passage time for satellites, etc.    A check is made in real-time 

operation every two seconds to verify that the external   100 jus   clock and an internal 

program clock are synchronized to within   3. 8 ms.    The experiment is aborted in 

the event that this limit is exceeded. 

15 



3. Celestial Coordinate Computation 

Any one of eight celestial coordinate computation programs may operate now 

as determined by the operation during the initialization of the system; they are: 

(1) belt,    (2) satellite,    (3) fixed azimuth-elevation,   (4) sun,    (5) star,    (6) planet, 

(7) moon, and   (8) fixed right ascension-declination.    See References 8,   10,   11,   12, 

13,   14, and 15. 

Except for fixed azimuth and elevation, these programs compute the radius 

(p),   the right ascension   (OL),   and declination   (6),   of the observed point as well as 

the derivatives,   p,   OL,   6-    In the case of the fixed azimuth and elevation program, 

an azimuth and elevation are provided instead, and the coordinate conversion pro- 

gram is turned off.    The belt and the satellite programs provide also the orientation 

of the orbit with the meridian plane through the observed point. 

4. Celestial Scan 

The celestial scan program can scan in right ascension or declination, in 

both simultaneously, or in a box oriented in right ascension or declination. It can 

also provide offsets in right ascension or declination.    See Reference 19. 

5. Coordinate Conversion 

The coordinate conversion program takes   p,    and   a and   6   (as modified by 

celestial scan) and computes the corresponding radar coordinates, range (R), 

azimuth (A), and elevation (E).    Using, in addition   p,   OL,   and   6   it computes the 

range rate,    R.    It also converts the orbit orientation angle computed by belt or 

satellite program to an angle between the orbit and the azimuth plane through the 

observed point.    See Reference   4. 

6. Radar Scan 

The radar scan program can scan in azimuth or elevation, in both simultan- 

eously, or in a box oriented in azimuth or in elevation.    It can also scan (for a short 

distance) along the orbit of a satellite or belt, or across the orbit.    It may scan in 

a box oriented along the orbit.    It may provide offsets in azimuth or in elevation. 

See Reference 19. 
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7. Correction 

To account for atmospheric refraction and for departures from the ideal of 

the antenna, a correction program adds in the appropriate bias to azimuth and 

elevation so that the actual beam may be directed at the desired point.    See Refer- 

ence 18. 

8. Acquisition 

When activated, a satellite acquisition program which works closely with 

the interpolation program, initiates a search procedure around the nominal satellite 

position and looks for received energy.    An autotrack then may take over, or the 

program may keep track of the satellite.    See Reference 16. 

9. Interpolation 

Having kept the last three points in radar coordinates and having just obtained 

a new point, the interpolation program is set to fill up the   500   point azimuth, ele- 

vation, and doppler buffers which will be valid for the next frame.    In this process, 

compensation is made for the servo system.    Range is computed for the middle of 

the frame.    Doppler is computed from range rate.    See Reference   3. 

10. Intercom 

Intercom may occur in the antenna buffer chain when there is a data process- 

ing program in the system. It normally appears, however, in the waiting loop. See 

Reference   6. 

11. Dynamic Dump 

Dynamic dump is a utility program which may operate after each of the 

preceding programs and gives contents of selected registers on the on-line 

high-speed printer.    See Reference 8. 

12. West Ford 

The West Ford program prepares buffer values of range, azimuth, elevation, 

and doppler for the West Ford antenna and the Millstone antenna.    To do this,  it 

uses data prepared for the Haystack antenna.    See Reference   8. 
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13.        Planning 

The planning program logs rise and set times for the observed body on the 

high-speed printer.    See Reference   8. 

VII. ATTENTION PROCESSING 

An important feature of the Haystack Pointing program is the capability of 

man-machine communication while the program continues to put out points to the 

antenna.    It is possible to vary many of the parameters of the experiment without 

stopping the antenna. 

Upon hitting the Attention key, control is transferred to the Attention Proces- 

sing section of MCP. Through a ranked series of questions, the initialization section 

of the desired program is entered. 

If this program is one which can be reinitialized in real time (all programs 

except for a few celestial programs) the antenna buffer chain continues to operate. 

The reinitializing program asks the experimenter about changes to be made.   These 

occur concurrently with the operation section using the changing values.    When fin- 

ished, the initialization section usually exits to the MCP.    A few programs, Timing, 

Scan,   Fixed Azimuth-Elevation, and Fixed Right Ascension-Declination stay in the 

initialization section, to permit rapid changes to be made.    (Hitting the Attention 

key allows another program to be called for reinitialization.) 

If the program cannot be reinitialized in real time, output to the antenna 

stops.    Upon completion of the reinitialization, MCP goes once more through the 

business of providing a valid set of points for the output buffers before starting the 

system to recycle. 

The timing program upon reinitialization allows changes in the stationary 

time. 

VIII. AUTOMATIC REINITIALIZATION 

The Pointing program can run a maximum of two days in real time.    At the 

end of that time output is terminated and the experimenter must set up his run again. 

(It should be noted that for the initiated a mere carriage return answer to most of 

the questions confirms the previous answer.) 

is 



In simulated time, the situation is different.    The Timing program, when it 

discovers that the two day limit has been reached terminates output, and updates the 

registers containing day of the month and day of the year.    After the recording pro- 

gram has finished recording the data for the present frame, the timing program 

reinitializes coordinate conversion and the celestial point computation program 

(which now ask no questions via Intercom) and then reactivates the buffers, and con- 

tinues with the remainder of the azimuth buffer chain. 

A block diagram of the control program structure appears in appendix G. 

Listings of the Master Control Program (MCP) and Timing Program (TIMING) are 

found in appendix H. 
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APPENDIX   A 
1-0 Channel Assignment 

Equipment 

Input 
Channel 
Number 

Output 
Channel 
Number 

Interrupt 
Number 

West Ford ' Teletype 0 0 

Console Keyboard, 
Teleprinter 

2 2 

High Speed Printer 3 3 

Paper Tape Reader 4 

Paper Tape Punch 4 

General Purpose 5 5 

Clock 7 

Clock 7 

Range 8 

Range 8 

Doppler 9 

Doppler 9 

Elevation LO 10 

Azimuth 11 11 

West Ford 12 

West Ford 12 

Millstone 12 

Millstone 12 

Magnetic Tapes 

Magnetic Tapes 

13 13 

13 

Transfer 
Rate 

10 characters per sec. 

10 characters per sec. 

10 lines per sec. 

400 lines per sec. 

110 lines per sec. 

variable 

100/us 

1 sec. 

radar p. r. f. 

variable, order of 
magnetitude of p. r. f. 

radar p. r. f. 

variable, order of 
magnitude of p. r. f. 

4 ms 

4 ms 

20 datum points of   3 
words each per second 

Manual 

20 datum points of  4 
words each per second 

30 datum points of   6 
words each per second 

80 MS 

variable 
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APPENDIX   B 
Common Storage Contents 

The following table lists in alphabetical order each common storage register, 

its current absolute core location, the definition, the normal value (if any) the units 

and scaling, the programs which set the register, and the programs which use them. 

The following abbreviations are used: 

Abbreviation 

A.U. 

AZ 

BCD 

CPS 

CYC 

DEC 

DEG 

DPP 

E.E.R. 

EL 

E.P. R. 

E.R. 

FD 

FWA 

G.M.T. 

h 

L 

LWA 

m 

Mc/s 

N.M. 

R.A. 

RAD 

REV 

Meaning 

Astronomical Unit 

Azimuth 

Binary coded decimal 

Cycles per second 

Cycles 

Declination 

Degrees 

Data processing program 

Earth's equatorial radius 

Elevation 

Earth's polar radius 

Earth's equatorial radius 

Fieldata 

First word address 

Greenwich mean time 

Hour 

Lower half of word 

Last word address 

Minutes 

Megacycles/second 

Nautical mile 

Right ascension 

Radians 

Revolutions 

21 



Abbreviation Meaning 

s Seconds 

SEC Seconds 

U Upper half of word 

jjsec Microsecond 

= Contains 
c 
^ Does not contain 

-» Denotes or implies 

The program abbreviations are given in Appendix C. 
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The following table is a rearrangement of the former table, but arranged in 

numerical order. 

LOCATION LABEL LOCATION LABEL 

63000 IC1CELCOR 63103 TIME MODE 
63002 RA 63104 FIRSTELEV 
63003 DEC 63105 ASTRORA 
62004 SRA 63106 ASTRODEC 
63005 SDEC 63107 TIMECORR 
63006 RADIUS 63110 KYBRDLEVEL 

63007 RADOT 63111 TTYSTATUS 

63010 DECDOT 63112 RECORDSIZE 

63011 RADIUSDOT 63113 CELBODY 
63012 SIDERTIME 63132 TRUETIME 
63017 TWOSECDOP 63133 CELTIME 

63052 RANGE 63134 SCELTIME 

63053 AZIM 63135 CONVERTIME 

63054 ELEV 63136 SRADTIME 

63055 SAZIM 63137 HOUR MINUTE 
63056 SELEV 63140 SECONDS 
63057 CRANGE 63141 DSECONDS 
63060 CAZIM 63142 ACTUALTIME 
63061 CELEV 63143 ESTSHIFTED 

63062 RANGEDOT 63144 GMTSHIFTED 
63063 TRUE RANGE 63145 GMTMODU24 

63064 SINORIENT 63146 BLASTOFF 
63065 COSORIENT 63147 YEARMONTH 
63066 SINAZEL 63150 DAY 
63070 COSAZEL 63151 HOURREG 
63071 ACQAZIM 63152 MINREG 
63075 ACQELEV 63153 FIRSTHRU 
63101 FRAMESIZE 63154 DUMSECTTG 
63102 RADIOMETER 63155 RECRDSWITCH 
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LOCATION LABEL LOCATION LABEL 

63156 RELEASESW 63414 COCON 

63157 RADINDIC 63415 RECORD 

63212 RECFILE 63416 ADSCN 

63312 RADAR MODE 63417 AESCN 

63313 SYSTAT1 63420 CORCT 

63314 SYSTAT2 63421 DYDMP 

63315 SYSTATD 63422 CHCOR 

63316 DELTATEE 63423 PR LOG 

63317 FREQUENCY 63424 CELCOMPGM 

63320 LONGITUDE 63425 DATANALYZE 

63321 GEODETLAT 63426 INTERCOM 

63322 GEOCENLAT 63427 ACQUI 

63323 EQUATOR 63430 RDMTR 

63324 POLE 63431 CHPAR 

63325 AZIMOVER 63432 WFORD 

63326 HEIGHT 63433 RDXXX 

63327 YRTRAN 63434 PLANP 

6333(3 ZRTRAN 63435 TIMEP 

63331 SKIP 63436 PLOTP 

63332 MSFREQ 63442 AZIMADD 

63333 WFFREQ 63443 ELEVADD 

63334 MAINSWITCH 63444 DOPPADD 

63335 VELOFLIGHT 63445 RANGEADD 

63336 LSPERAU 63446 INAZIMADD 

63337 FLATTENING 63447 INELEVADD 

63340 NMPERAU 63450 WFADD 

63341 AUPEREQUAT 63451 MILLSTNADD 

63342 KMPERNM 63452 SYSCOMREG1 

63350 EXPNAME 63453 SYSCOMREG2 

63412 MCPGM 63454 SYSCOMREG3 

63413 INTER 63455 SYSCOMREG4 
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LOCATION LABEL 

63456 SYSCOMREG5 

63457 SYCOMREG 

63460 INTERLCKSW 

63461 PREVIOUSTM 

63462 BODYSIZE 

63500 AZELBXSCAN 

63501 AZMTHSCAN 

63502 E LVTNSCAN 

63503 RADCBXSCAN 

63504 RASCNSCAN 

63505 DECLINSCAN 

63506 ALNGACRSCN 

63507 AEBOXLINES 

63510 RDBOX LINES 

63511 HOLDNOHOLD 

63512 AZIMOFFSET 

63513 ELEVOFFSET 

63514 RAOFFSET 

63515 DECOFFSET 

63516 CRSSOFFSET 

63517 ALNGOFFSET 

63520 TIMETOHOLD 

63521 PERIODELEV 

63522 ARCOFELEV 

63523 PERIODAZIM 

63524 ARCOFAZIM 

63525 PERIODEC 

63526 ARCOFDEC 

63527 PERIODRA 

63530 ARCOFRA 

63531 RADECOTIME 

LOCATION LABEL 

63532 AZELOTIME 

63540 RADORA 

63541 RADIODEC 

63542 SYNCTIMING 

64000 AZIMOUT 
or 

72000 

65000 ELEVOUT 
or 

73000 

66000 DOPPOUT 
or 

74000 

67000 RECAZIM 
or 

75000 

70000 RECELEV 
or 

76000 

70777 RANGEOUT 
or 

76777 

71000 MCPFILLER 

72000 INTERAZIM 
or 

64000 

73000 INTERELEV 
or 

65000 

74000 INTER DOPP 
or 

66000 

75000 AZIMIN 
or 

67000 

76000 E LEVIN 
or 

70000 
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LOCATION LABEL 

76777 INTERRANGE 
or 

70777 

77600 SYSENTRIES 

77700 SYSNAMES 
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APPENDIX   C 
Subprogram Names 

Each of the operating programs has a five-character name which appears as 

the second word of each program.    This system name is used by the utility programs 

which make up the system tape.    The names of the in-core programs appear in the 

block of common storage registers called SYSNAMES.    The system names of the 

celestial computation and data processing programs appear as the first word of the 

record containing the program on the bootstrap tape and is used in the search mode 

of reading magnetic tape.    The program name is one chosen by the programmer and 

may be up to   10   characters.    In the following IC stands for incore, CC for celestial 

computation, and DP for data processing. 

SYSTEM PROGRAM TYPE OF 
NAME NAME PROGRAM PROGRAM REFERENCE 

ACQUI ACQUI IC Satellite Acquisition 16 

ADSCN SCAN IC Celestial Scan 19 

AESCN DUMSCAN IC Radar Scan 19 

BELTP BELTP CC West Ford Belt 15 

CHCOR CHANGECORE IC Dynamic Core Change 8 

CHPAR PARAMETER IC Parameter Change 8 

COCON COCON IC Coordinate Conversion 4 

CORCT CORCT IC Antenna Correction 18 

DYDMP DYDMPPGM IC Dynamic Dump 8 

FRADC FXRADEC CC Fixed Right Ascension- 
Declination 

8 

FXANE FXAZEL CC Fixed Azimuth-Elevation 8 

INTER INTER IC Interpolation 3 

KYBRD NTERCOM IC Intercom 6 

MCPGM MCP IC Master Control in hoc 

MOONP MOONTRACK CC Moon 12 

PDMTR RDMTRSCAN DP Radiometer Scan 

PLANP PLANNER IC Planning 8 

PLNET PLANETRACK CC Planet 11 
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SYSTEM PROGRAM TYPE OF 
NAME NAME PROGRAM PROGRAM REFERENCE 

PLOTP PLOTP IC Strip Chart Recorder 8 

PRINT PRINTOUT CC Printout of Recording 9 

PR LOG PR LOG IC High Speed Printer Log- 
ging 

8 

RADEC RADEC IC Right Ascension-Decli- 
nation Display 

4 

RDMTR RADIOMETER DP Radiometer Processing 17 

RECRD RECORDING IC Magnetic Tape Recording 8 

SATEL SATEL CC Satellite 14 

STARP STARTRACK CC Star 10 

SUNPG SUNTRACK CC Sun 13 

TIMEP TIMING IC Timing in hoc 

WFORD WESTFORD IC Intersite Coupling 8 
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APPENDIX   D 
System Constants and Conversion Factors 

Whenever the Haystack Pointing system is effectively "bootstrapped" anew, 

MCP sets up certain common storage registers to contain astronomical and geolog- 

ical constants which are intended for system-wide use.    These values are compiled 

into MCP and override any changes made by the change parameter program whenever 

the system is so bootstrapped.    These constants and conversion factors are listed 

below alphabetically by their common storage names. 

AUPEREQUAT .0000426356 l(x 104) B28 

The number of astronomical units (A. U.) in one equatorial earth radius 

(E.E.R.) times   10000. 

DELTATEE .00040509 days B28 

Ephemeris time minus universal time (35 seconds) 

EQUATOR 3443.9525 B17 

Nautical miles (N. M.) in one equatorial earth radius. 

FLATTENING .003367 B28 

(Equatorial earth radius minus polar earth radius)/equatorial earth 

radius. 

FREQUENCY 7750 Mc/s B14 

Haystack transmitter frequency. 

GEODETLAT 42°6233 B20 

Haystack geodetic latitude. 

HEIGHT 475.    ft. B0 

Haystack antenna height above mean sea level. 

KMPERNM 1.852 B28 

Kilometers in one nautical mile. 
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LONGITUDE 288.°5113 E B20 

Haystack east longitude. 

LSPERAU 499.005 B20 

Light seconds per astronomical unit. 

MSFREQ 1295.    Mc/s B14 

Millstone Hill transmitter frequency. 

NMPERAU 80776434 BO 

Nautical miles per astronomical unit. 

POLE 3432.3567 N. M. B17 

Nautical miles in one polar earth radius. 

VELOFLIGHT 161875 N.M. /SEC BO 

Velocity of light in nautical miles per second. 

WFFREQ 7750   Mc/s B14 

West Ford transmitter frequency. 
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APPENDIX   E 
System/User Dialogue 

Listed herein are all of the questions and information typeouts originating 

within the Master Control Program (MCP) and the Timing Program (TIMING).    They 

are grouped into three main categories - 1) Initialization Procedures,    2) Attention 

Symbol Sequences, and   3) Special Typeouts. 

The presentation of the typeouts within categories is chronological to the 

extent that this is possible.    An attempt is made to describe the context in which the 

typeout is made and the manner in which control interprets user replies.    For cross 

reference purposes typeouts are labeled   a), b), c) etc. 

Where not indicated to the contrary, a carriage return reply results in using 

the previously entered (or compiled-in) reply to the question at hand. 

1. Initialization Procedure 

a) TITLE 

MCP at the start of any run invites the user to identify the experiment by 

typing in as many as   75   alphanumeric and control characters (excluding, of course, 

the carriage return and attention symbol keys).    Whatever the user types in at this 

point (terminated by a carriage return here as in all other cases) will be written on 

the system data recording tape as part of the so-called TITLE record.   A carriage 

return reply results in no user identification, but the title record will be written. 

b) GREENWICH MONTH (1-12) 

c) GREENWICH DAY (1-31) 

These questions are asked by TIMING at load (bootstrap) time and subsequently 

only if the user indicates that a non real-time run is desired. 

d) HHMM IS THE PRESENT GMT 

Timing has read the   100 fxs   real-time clock and is reporting the current 

Greenwich Mean Time for information only. 
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e) TYPE OF RUN. . . REAL TIME(O) OR SIMULATION 1) 

Timing still has control and is asking the experimenter to indicate the broad 

class of run in which he is interested.   An answer of (0) real time, will lead to one 

line of questioning (see f) while an answer of   1,    to quite another (see h).   A carriage 

return reply is equivalent to answering (0),  "real time". 

f) START. . . AS SOON AS POSSIBLE (0) OR AT A SPECIFIED GMT (1) 

This question, asked by TIMING, will occur immediately after the user has 

made a (0) "real time" reply to the previous question (e).    If (0) is given as an answer 

here, control will set up to commence output to the antenna on an integral second in 

the future, occurring virtually immediately after all experiment parameters have 

been entered and system initialization has been completed.   An answer of (1) will be 

given if the user chooses to delay the start of output data until a certain future real 

time is reached.    A carriage return reply is equivalent to a (0) answer. 

g) SPECIFIC GMT (HHMM) 

This question by TIMING comes in response to the user's answering (1) to 

question   f.    At this point the user must indicate the GMT (to the nearest minute) 

at which he wishes the system to send out its first data.   Output will occur at the 

zeroth second of the indicated HHMM.   It should be noted that if the user for any 

reason enters a time-to-go which is at that time or later becomes, earlier than real 

time at the instant the program begins to wait for time-to-go to occur, he has 

effectively answered question   f) with a (0) "as soon as possible". 

h) FICTITIOUS TIME. . . INCREMENTED (0) OR STATIONARY (1) 

The user has just indicated, in response to  e), that a simulation run is 

desired.    TIMING now wants to know whether successive outputs will be for suc- 

cessive times or for one constant time.    (This single constant time is variable via 

reinitialization of the TIMING program as will be shown below). 

A carriage return reply is interpreted as (0) "incremented time". 
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i) GMT FOR FIRST COMPUTED POINT (HHMMSS) 

Up to this point the user has chosen a simulation run with incremented time. 

TIMING now asks for the first fictitious time (to the nearest second) for which mean- 

ingful printouts will later be available. 

j) INCREMENT TO GMT (IN SECONDS) FOR SUCCESSIVE POINTS 

Having specified in response to question   i), the effective start time for this 

simulation run, the user must now indicate a delta value for the simulated time. 

This is the incremental value that will be added successively to the effective start 

time to simulate the passage of time.    The maximum value for this delta time is 

10800   seconds (3 hours). 

k) RUN DURATION IN DAYS 

The two day time limit on system running does not hold in the simulation 

mode so the user may specify here (to the nearest two days) how many simulated 

days worth of data he desires.    A carriage return reply causes the system to run 

virtually indefinitely. 

1) SYSTEM CYCLE TIME. . . 1/4 SEC(O) OR   2   SEC (1) 

Here TIMING is effectively asking about the output data rate.    If one chooses 

(0) "1/4 sec" the system will cycle without regard to the normal   2   second inter- 

rupt from the azimuth output channel, and will output data points at a rate of about 

4   per second.    Choosing (1), of course, causes the system to wait for the interrupt 

before recycling which results in a normal output data rate.    A carriage return reply 

is equivalent to a (0) "1/4 sec". 

m) INITIAL CHOICE OF GMT (HHMMSS) 

This question by TIMING is the one which will occur immediately after ques- 

tion   h), in the event that the user has indicated that he desired fictitious time to be 

stationary.    This answer implicitly sets the time delta value to zero, the run duration 

to indefinite and the data output rate to   4   per second.    The initial choice of stationary 

time typed in at this point can be varied once the system is cycling. 
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n) BELT(l) SAT(2) AZ-EL(3) SUN(4) STAR(5) PLANET(6) MOON(7) 
RA-DEC(8) 

TIMING has now returned control to MCP.    The user must now select the one 

of the eight available celestial computation programs necessary for the experiment. 

If the program chosen is not already in memory, MCP affects its read-in from the 

Master Bootstrap Tape.    In   either event initialization of the chosen program begins 

and the questions and information typeouts peculiar to that particular program ensue. 

o) SYSTEM DATA RECORDING. . . COMPLETE(O) PARTIAL(l) NONE(2) 

This question is in fact output at this point by the recording program rather 

than by MCP.    The question, however, is largely a control function and as such is 

included here.    If (0) is chosen as an answer, the entire contents of common storage, 

including all values that are computed directly as well as all incoming data and 

outgoing interpolated data,will be recorded (currently   600CL   words).    A partial 

recording (choice 1) results in the recording of only the directly computed values 

(151Q words).    The third choice is to have none of common storage recorded. 

It can be seen that in the simulation mode the output data rate will fall into 

one of three classes. 

(1) Low - when the cycle rate is once per   2   seconds. 

(2) Medium - when the cycle rate is once per   1/4 second but 
with a complete recording requirement. 

(3) High - when the cycle rate is once per 1/4 second and the 
recording requested is "partial" or "none". 

A carriage return reply to this question is equivalent to (0) "complete". 

p) DATA PROCESSING PROGRAM. . . NONE(0) RADIOMETER(l) 
RADIOMETER SCAN(2) MERCURY EXP(3) 

MCP now offers its choices of data processing programs.   If the chosen pro- 

gram is not already in core memory,  it will be read in and initialized in the same 

fashion as was the celestial computation program.    A carriage  return reply is 

equivalent to choice(O) "none". 

At this point the initialization of the system is complete.    Future typeouts 

by control will be as a result of the attention symbol being struck or some other 

special happening.    These are discussed in the next sections. 
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2. Attention Symbol Sequences 

The attention symbol may be struck by the experimenter at any time to tell 

the system that some special action is to be initiated immediately. The typeout in 

response to striking the key is as follows: 

a) SIGN OFF(l) MOD(2) NEXT RUN(3) PRINT(4) 

If the system is pointing when attention is called for it will continue to cycle 

while seemingly simultaneously servicing the user's request. 

If the user elects (1) "sign off",  MCP will terminate any output to the antenna, 

finalize the recording program which will end file and unload the data recording tape, 

reinitialize all common storage registers and report ready to recycle by starting 

the initialization procedure with typeout   la, "TITLE" 

If choice (2) "mod" is made,  MCP will counter with its next lower level typeout 

in this sequence (see below). 

If choice (3) "next run" is elected MCP terminates output but does not reini- 

tialize common storage before proceeding to typeout   la. 

Choice (4) "print" causes MCP to terminate output and then to read in from 

the Master Bootstrap Tape the print program, overlaying the celestial computation 

program.    Control is then passed to the print program which now assumes the role 

of control program, permitting the attention symbol to remain active. 

For the initiated there is a fifth, unlisted choice of replies to this question, 

namely,  (0).    Selection of (0) results in a transfer to Univac's utility system TOPS. 

b) CCPGM*(1) DATA PROCESSING(2) SCAN(3) RECORDINGS) 
TIMING(5) OTHER(6) 

This typeout occurs when the user has elected choice (2) "mod" to the pre- 

vious question. 

Choices (1) through (5) result in the users being "connected to" the indicated 

individual program for reinitialization purposes. 

:CCPGM is for illustration only.    In operation a five character mnemonic represent- 
ing the previously chosen celestial computation program is typed. 
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Choice (6) results in the next lower level typeout in this sequence (see below). 

c) RA-DEC DISPLAY(l) CORRECTION^) PARAMETERS(3) 
ACQUISITION^) CC(5) DYDMP(6) PLOT(7) 

The user has chosen (6) as his answer to the previous question.    MCP now 

lists the seven additional programs with which communication is possible for re- 

initialization purposes. (CC and DYDMP are mnemonics for the change   core and 

dynamic dump programs respectively). 

d) ENTER(AT WILL) NEW SIMULATED GMT (HHMMSS) 

For this typeout to occur at all the system must be cycling in the simulation - 

stationary time mode and the user must have answered (5) to question   b) above. 

TIMING is inviting the user to change the originally specified stationary GMT.    New 

values may be continuously entered. 

3. Special Typeouts 

Provisions to inform the user of unusual or special occurrences have been 

incorporated into the control structure. 

a) PNAME IS NOT IN MEMORY 

MCP in its initialization has discovered that a resident in-core program is 

missing.    The missing program, typified by PNAME in the typeout, will never be 

called.   Operation will continue but at the user's risk.    This typeout occurs upon 

"bootstrapping" but not at subsequent "next runs". 

b) NEW DAY OF THE YEAR DETECTED. . . NOW IN FORCE 

In reading the real-time clock TIMING has noted that the present time is 

earlier than the last time the clock was read.   A midnite crossing is assumed and 

the day of the year and day of the month values are incremented by one. 

c) PNAME IS NOT ON THIS SYSTEM TAPE 

The user has chosen a celestial computation program or a data processing 

program (typified by PNAME in the typeout) which MCP has been unable to locate on 

the particular Master Bootstrap Tape being used.    In this case the previous typeout 

(either   In   or lp) is repeated allowing the user to make a second choice. 
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d) CKSUM ERROR. . . RETRYING 

Again the situation is centered about MCP reading a celestial computation 

program or a data processing program from the Master Bootstrap Tape.    Here, 

however, MCP has found the program, read it in,  received a normal status indica- 

tion from the hardware, but computed checksum   disagrees with the checksum pre- 

computed by SYSLOADER.    MCP will reread the record indefinitely until a checksum 

match is obtained. 

e) THE SYSTEM IS AT AN IMPASSE. . . 

(0) RE-ENTER CELESTIAL PROGRAM 

(1) NEW CELESTIAL CHOICE 

(2) RESTART 

The chosen celestial computation program in its initialization section has 

detected an error condition which prevents it from continuing.    An exit has been 

made to MCP's error return where the user must decide whether to try again (choice 

0), to pick a different celestial program (choice 1) or to start again from the 

beginning (choice 2). 

f) CATASTROPHIC ERROR. . . ABORTING 

In this case the chosen celestial computation program has again detected a 

non recoverable error condition.    This time, however, the error arose in the working 

section of the program which says that the system either is pointing or is tantamount 

to cycling.    MCP immediately terminates output to the antenna, announces the error 

and reports ready to restart with the typeout "TITLE". 

g. SYSTEM TIME LIMIT REACHED PRINT RESULTS NOW. ..YES(O) 
OR NO(l) 

The working section of TIMING has sensed that in the case of real-time 

operation the two day system time limit has been reached or in the case of a simu- 

lation run the number of simulated days running specified has elapsed.   If the user 

wishes to process the recorded data now he will answer (0) (or a carriage return) 

to the above question and TIMING will endfile and rewind the recording tape and via 

MCP transfer to the print program.    Answering (1) will direct the system to a "next 

run" situation starting with the typeout "TITLE". 
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h) SYSTEM TIMING OUT OF SYNCH. . . MUST ABORT 

In the real-time mode of operation, TIMING has discovered that the real-time 

clock and the internal program clock differ by more than   3.8 ms.   Output to the 

antenna is immediately terminated and a return to MCP is made where the typeout 

"TITLE" occurs. 
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APPENDIX   F 
Typical Dialogue Sequences 

Typical discourses resulting in the real-time operating mode and the simu- 

lated modes are given in this appendix.    Figures 4 and   5  are real time, while 

Fig.  6   and   7   are simulated. 

Figure   4   is an example of a real-time run which is to start as soon as the 

system is initialized.    This is the usual case. 

Figure   5   is again a real-time run, but now the system will wait until the 

selected time,  here 1905 GMT,  before going into the two-second cycle.    In the 

example, the system is probably finished initializing before 1900,  since the main 

body of the initialization takes place after   1857 GMT.    Thus, there would be about 

a five minute wait before the system would begin cycling.    This mode may be used, 

for example, when the time of rise of a satellite or celestial body is known.    The 

advantage is that recording does not begin until the system is cycling so that all 

data recorded is pertinent. 

Figure   6   shows the usual type of simulated run.    Coordinates of the moon 

at   10   minute increments starting at   0   hours of December   1   and continuing for the 

whole month are computed.    The short cycle time has been selected so that each 

point takes about   1/4   second to obtain.    The whole month (actually 32   days since 
1440       1 

the basic run is a two-day run) would, therefore, be computed in   32 x —p*.—x   -j 

=   1152   seconds.    To this must be added the time to read in the moon ephemerides 

from magnetic tape every two days of simulated time which may be on the order of 

10   seconds per loop up or a total of   160   seconds.    Thus, the whole run is finished 

in about   22   or   23   minutes. 

Had the increment to GMT been chosen as   0, the cycle time to   2   seconds, 

and the initial time to say   1920, the antenna would have been held stationary, and 

the moon would have drifted through the beam as the earth turned, being dead center 

(hopefully) at the real time of 1920. 

Figure   7 depicts a stationary time run.    Here the computer continually 

computes the position of Virgo   A   at   21 30    15     GMT.    Upon reinitialization via 

the attention symbol route the experimenter chooses to find the coordinates at 

21 32    00     and then at   21 32    01  .    This mode is usually used to find a single answer. 
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For example, by looking at the azimuth lights and fiddling with time, one can find 

the time of transit (azimuth equal 0   or 180 ) to the nearest second. 
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TITLE 
SAMPLE RUN REAL TIME. .START AS SOON AS POSSIBLE. ... * 

GREENWICH MONTH (1-12) 
11* 

GREENWICH DAY (1-31) 
12* 

1853   IS THE PRESENT GMT 

TYPE OF RUN REAL TIME (0) OR SIMULATION (1) 
0* 

START. . .AS SOON AS POSSIBLE (0) OR AT A SPECIFIED GMT (1) 
0* 

BELT(l) SAT(2) AZ-EL(3) SUN(4) STAR(5) PLANET(6) MOON(7) RA-DEC(8) 
6* 

MERCURY(l) VENUS(2) MARS(4) JUPITER(5) SATURN(6) URANUS(7) NEPTUNE(8) 

RIGHT ASC 10H 24M 10. 32S 

DECLINATION      11D56'    15.11" 

DAY OF YEAR      317 

UNIVERSAL 18H 53M 31. 00S 
TIME 

DISTANCE AU       1. 5370673 

PLANET MARS 

SYSTEM DATA RECORDING. . . COMPLETE(O) PARTIAL(l) NONE(2) 
0* 

DATA PROCESSING PROGRAM. . . NONE(0) RADIOMETER(l) RADIOMETER SCAN(2) 
MERCURY EXP(3) 

0* 

(THE SYSTEM IS NOW CYCLING) 

Fig.  4.    Sample real-time run with no delay 
in starting. 
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TITLE 
SAMPLE RUN REAL TIME. . . DELAYED START * 

GREENWICH MONTH (1-12) 
11* 

GREENWICH DAY (1-31) 
12* 

1857 IS THE PRESENT GMT 

TYPE OF RUN REAL TIME(O) OR SIMULATION(l) 
0* 

START. . .AS SOON AS POSSIBLE(O) OR AT A SPECIFIED GMT(l) 
1* 

SPECIFIC GMT START (HHMM) 
1905* 

BELT(l) SAT(2) AZ-EL(3) SUN(4) STAR(5) PLANET(6) MOON(7) RA-DEC(8) 
7* 

RIGHT ASC 21H49M59.89S 

DECLINATION -17D 55"   47.44" 

DAY OF YEAR 317 

UNIVERSAL TIME 19H 5M 0. 00S 

DISTANCE E R 62. 197968 

OBJECT MOON 

SYSTEM DATA RECORDING. . . COMPLETE(O) PARTIAL(l) NONE(2) 
0 

DATA PROCESSING PROGRAM. . . NONE(O) RADIOMETER(l) RADIOMETER SCAN(2) 
MERCURY EXP(3) 

0* 

(THE SYSTEM IS NOW WAITING FOR   1905 GMT) 

Fig.   5.    Sample real-time run with 
delayed start. 
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TITLE 
SAMPLE SIMULATION RUN. . . WITH TIME INCREMENTED * 

GREENWICH MONTH 1-12) 
12* 

GREENWICH DAY (1-31) 
1* 

1910 IS THE PRESENT GMT 

TYPE OF RUN REAL TIME(O) OR SIMULATION(l) 
1* 

FICTITIOUS TIME. . INCREMENTED(O) OR STATIONARY(l) 
0* 

GMT FOR FIRST COMPUTED POINT (HHMMSS) 

INCREMENT TO GMT (IN SECONDS) FOR SUCCESSIVE POINTS 
600* 

RUN DURATION IN DAYS 
31* 

SYSTEM CYCLE TIME. . 1/4 SEC. (0) OR 2 SEC. (1) 
0* 

BELT(l) SAT(2) AZ-EL(3) SUN(4) STAR(5) PLANET(6) MOON(7) RA-DEC(8) 
7* 

RIGHT ASC 14H 15M 50. 60S 

DECLINATION -9D 27'   5.77" 

DAY OF YEAR 336 

UNIVERSAL TIME 0H 0M 0. 00S 

DISTANCE E R 62. 248008 

OBJECT MOON 

SYSTEM DATA RECORDING. . . COMPLETE(O) PARTIAL(l) NONE(2) 
1* 

DATA PROCESSING PROGRAM. . . NONE(0) RADIOMETER(l) RADIOMETER SCAN(2) 
MERCURY EXP(3) 

0* 

(SYSTEM IS NOW CYCLING IN HIGH SPEED) 

Fig.  6.    Sample simulation run with 
time incremented. 
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TITLE 
SAMPLE SIMULATION RUN. . . WITH TIME STATIONARY * 

GREENWICH MONTH (1-12) 
11* 

GREENWICH DAY (1-31) 
16* 

1917 IS THE PRESENT GMT 

TYPE OF RUN REAL TIME(O) OR SIMULATION(l) 
1* 

FICTITIOUS TIME. . INCREMENTED(O) OR STATIONARY(l) 
1* 

INITIAL CHOICE OF GMT (HHMMSS) 
213(315* 

BELT(l) SAT(2) AZ-EL(3) SUN(4) STAR(5) PLANET(6) MOON(7) RA-DEC(8) 
5* 

NAME(l) OR RA-DEC(2) 
1* 

CASSIOPEIA A(0) CYGNUS A(l) TAURUS A(2) VIRGO A(3) ORION NEBULA(4) 
POLARIS(5) 

3* 

RIGHT ASC 12H 28M 59. 22S 

DECLINATION 12D 35'   18.54" 

DAY OF YEAR 321 

UNIVERSAL TIME 21H 30M 15. 00S 

OBJECT VIRGO A 

SYSTEM DATA RECORDING. . . COMPLETE(O) PARTIAL(l) NONE(2) 
2* 

DATA PROCESSING PROGRAM. . . NONE(O) RADIOMETER(l) RADIOMETER SCAN(2) 
MERCURY EXP(3) 

0* 
SIGN OFF(l) MOD(2) NEXT RUN(3) PRINT(4) 

2* 

STAR(1)SCAN(2) RECORDINGS) RADIOMETER(4) TIMING(5) OTHER(6) 
5* 

ENTER (AT WILL) NEW SIMULATED GMT (HHMMSS) 
21320(3* 
213201* 

Fig.   7.    Sample simulation run with 
time stationary. 
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APPENDIX   G 
System Logic Block Diagram 

HAYSTACK   SYSTEM: CONTROL   STRUCTURE  FLOW DIAGRAM 

3-62-4553 

60OT5TRAP  -the 
System via "Start 

Pointing Program Button" 

PRFSORT 4 £ 
Disconnect    All 

Interrupt   Entrance 
Registers 

ENTRYSORT 

5yst<rm 

Set up A 
ANSREW 1 

Position   Ephemens   Tape on  Servo 1  to Load Point 

Terminate  Output on Azimuth, Elevation 
and Magnetic   Tape Channels 

(  Finalize  ^CAO Programs   ) 

Disable Working Section ot  Dynamic Dump Program 

FIR5TLMTRY* 

Intercom 
Interlace 

CALLNEWRUN 

A 
Terminate   Output on Azimuth and   Elevation   Channels 

1 
Type Out'.   Title 
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Timing 
Reimtializ.ation 

TIMINIT 

No 

No 

FORMONTH 

NORMALIWIT 

Type Out: 
Greenwich Month (1-12) 

3-6Z-4554- 
B-C 

Type Out: 
Greenwich  Day   [ 1 -31) 

READCLOCK!' 

Read Real 
Time Clock //s\ 

Set up Internal Program 
Values Assuming 1he Run 
Will &e in Real  Time 

Set up to the Present Value  of +he Real Time Clock 
-the Following  C/S:   TRUET IMC, CELTIME, SCELTIME, 
COWVERTIME,  and   SRAOTIME. 

TIMFNOW 

Type Out: (-for example] 
1812 is the Present GMT 
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3-62-4555 

KJo 

Type Out: 

New Day of the Year Delected... Now in Force 

ASKRUNTYPE 

Type Out: 

Type of Run... Real Time(0) or Simulation (t) 

©• No 

Set C/5 TIMEMODE   to Real Time Hode 

AbKSTARTUP 

Type  Out: 

Start... as Soon as Possible (0)  or at Speci-fied GMT (l) 

Yes 

Type Out: 

Specific   GMT Start (HHMM) 

Set CIS HOURREG and MIWRE6 to Chosen Time to Start 

ESTABTIME • 
5et up C/S YEARMONTH and DAY 

-© 

6.1 



3- 62- 4556 

ISASIMRUNJ/^ 

Yes 

DONTASKIT        w 

Type Out: Greenwich   Month (M2) 

E 
Type Out; Greenwich Day (1-31) 

* 
Disable Checking Synchronization ot -the Real-Time  and   Internal Program  Clocks 

5TAT0RIN£i f 
Type Out: 

Fictitious  Time ...  Incremented W   or Stationary (t) 

Type Out: 

Run Duration in Days 

COMPTRATE * 
Type Out: 

System  Cycle Time...   '/*• Sec (0) or 2 Sec (i) 

* 
Set up Internal Program Values and  Swilches   to Permit 

Cycling in the  Simulated - Incremented   Time Mode 

J 
Set upFRAMESIZE 

i 
SetC/S  DUMSECTTG • Elected   Simulated Time to Go 

Minus Three   Times   Elected   Time   Increment 
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3-62-4557 

STANDSTILL 

Set System Mode to 
High Speed = '/* Second 

W(RECORDSIZE) 

Set Tirne Increment 
to GMT to Zero 
(FRAMESIZE) 

Type Out: 
Initial   Choice of 
GMT(MMMMSS) 

I 
Set up Internal   Proaram  Values  and 
Switches   to   Permit Cycling   in the 
Simulation - Stationary   Time Mode 

® 

Type Out j 
BELT (1)        SAT(Z)       AZ-EL (3) 
STARM5)   PLANETS (6)   MOON (7) 

SUN (4) 
RADEC (8) 

©• 
Ves 

Magnetic 
Tape 

Search 

T 
A 
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3-62-4558 

Set  up C/S SYSTAT 2 

& 

Initialize Coordinate 
Conversion  via   L(COCOKI) 

Initialize  Right Ascension 
Declination Display via L(RDXXX] 

GOTOWF i 
/ Initialize  Westford    Intersite 
N.   Coupling  via   L(WFOftD) 

Yes 

Set C/S BLASTOFF Equal to Time to 
Go m C/S DUMSECTTG (Elected Time 
to Go Minus Three Time Increments) 

Set the Following C/S Equal to the 
Elected Tme  to Go: TRUETIME, CE L- 
TIME,  SCELTlME,  COWVERTIME, 
and    SRAOTIME 
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H 

3-62-45-59 

Read Real 
Time Clock 

From C/S MOURREG and 
M IN REG, Compute Chosen 
Time   to Go 

I 
Compare   the   Chosen 
Time  to Go with   the 
Present Real Time Plus 
Two   Seconds 

Set up C/S Timing Registers; 
BLASTOFF,  TRUETIME, CELTIME, 
SCELTIME,  CONVERTIME, and 
SRADTIME   to   the Greater 
(Later) ot These Two  Times 
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3-6Z-4560 

IKJITIALCP 

Initialize the Chosen Celestial 
Proqram  via   L(CELCOMPGM) 

Type Out; 
The System is atari Impasse... 

(<£) Re-enter Celestial Program 
(1) New Celestial  Choice 
(2) Restart 

Set C/S IDICELCOR and MCPF1LLER 

initialize Recording 
via L(RECORD) 

T 
Initialize Acquisition 

via  L(ACQUl) 

f 
Initialize Interpolation 

via L (INTER) 

Initialize  Plot Program 
via   L(PLOTP) 

I •© 
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3-62-4561 

Initialize    Correction 
via    L(CORCT) 

Set C/5 FIRSTHRU to 
Indicate System not 
dost   BOOTSTRAPPED 

Type   Ou+: 
Data   Processing Program... 

None (0) Padiometer(l) 
Radiometer Scan (2)   Mercury Exp (3) 

Initialize 
Chosen 

Data 
Processing 

Program 
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3-62-4562 

Set C/S TRUETIME  Equal to Elected 
Time to Go Minus Three Time Increments 
and C/S DSECOMDS, CELTIME, SCELJIME, 
COWVERTIME, SRADTIME, MOURTIME, 
and SECONDS  to Elected   Time to Go 
Minus   Four Time  Increments 

Point 
Computation 

Loop 

Set C/S BLASTOFF to the 
Later  of Time  Mow   Plus 
Two   Seconds and Chosen 
GMT  Start 

Set C/S TRUETIME 
to   Present GMT 

Set Initial Value of C/S DESECONDS 
CELTIME, SCELTIME, CONVERTIME, 
SRADTIME, HOURMINUTE and SEC- 
ONDS to BLASTOFF Minus Two Seconds 
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3-62-4563 

Index,   Time 
by One Increment 

Enable the Working   Section of 
RAOEC  Display via L(RDXXX) 

Yes 

Initialize    Planning   via 
L(PLANP) 

GETALONC-,   f 

(Intercom   Interlace ;   /Q^ 

r 
TIME  j WATCH 

Redd  Real 
Time  ClocK/ 
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Intercom 
Interlace 

No 
High- 

\ ' 

\Q pe rat i o n/^ 

Set to Trigger on 
Azimuth Output 
Buffer Interrupt 

Set to Tri(j<jer on 
Magnetic Tape Not Activeout" 

j f 
Azimuth    Output 

Bufferchain /   /y\ 

Waiting Loop Which Normally Cycles 
Throuqh Existing Intercom Interlace 
and May Include Data Processing 
Programs 

C System 
is now 

Cycling 

M 

3-62-4564 
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SYSTEM    SET UP   SUBROUTINE 

U 

3-62-4S65 

ENIRYSORT 

C^try)   /\ 

Compare   MCP   "Master   Incore 
Program"   List with   the One 
Lett by  5YSLOA0ER   in  the 
SY SKI AMES     Table 
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3-6Z-4566 
0 

From -Hie U-TAGS List Lett by SYSLOADER 
in the SYSENTRIES Table, Set up the  Following 

MCP  Indirect Jump Registers: 

INTERCOM   for the  Keyboard.   Communication    Program 

RECRD tor the Recording   Program 

COCON for the Coordinate   Conversion   program 

INTER •for the Interpolation   Program 

CORCT +or the Correction   Program 

AESCN for the Azimuth- Elevation   Scan  Program 

DYDMP for the Dynamic   Dump  Program 

CHCOR for the Change Core   Program 

PRLOG tor the Printer   Logging   Program 

RDXXX -for the Right Ascension - Declination   Display   Proqram 

ACQUI -for the Acquisition   Program 

RDMTR for the Radiometer    Program 

CM PAR for the Change    Parameter   Program 

WFORD for the West Ford Coupling Program 

PLAMP for the Planning   Program 

TIMEP for the Timing   Program 

AOSCM for the Alpha-Delta   Scan   Program 

PLOTP for the Plot   Program 

PIRSTENTRY 

Intercom 
Interlace /   /\ 

Type Out 
(for example) 
ACQUI is  not 

in  Memory 
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3-52-4567 

Set  the  Following  Common   Storage   (C/S) Registers 
to   the   Values   Indicated   n "Common Storage" Appendix: 

FREQUENCY,  GEODETLAT,   LOMGITUDE,   EQUATOR, POLE, 
HEIGHT,   WFFREQ,   DELTATEE, VELOFLIGHT,   L5PERAU, 
FLATTENING,   NMPERAU,    AUPEREQUAT,    KMPERNM, 
SKIP,    SlNAZEL, COSAZEL, SIMORIENT and COSORIENT. 

MU3TSETUP 

Set Common Storage; 

TIMEMODE to Real   Time 
KEYBOARDLEVEL to Wormal 
RECORDSIZE    to  Normal 

Initialize /stem 
Buffer  Alternator; 

C/S  Mdinswitch 

Initialize System Indirect buffer Registers 
in C/S: INAZIMADD, INELEVADD, AZIMADD, 
ELEV^DD, DOPPADD, RANGEADO, and WFADD 

Disable the Working Entry to 
the Radiometer Program and 
+ he Right Ascension Declina- 
tion   Display   Program 

Set   Lower Half C/S   SYSTAT 1   to 
Indicate   System   is  Initializing 

Initialize C/S:  Radiometer: 
5VSTAD,   and   U(MCPGM) 

T 

Switch the Alternator; 
C/S  Mdinswitch 

fcAlt 
"\ 
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MCP   INTERCOM   INTERLACE 
3-6Z-4568 

Any  User\ 
Program 

Entry 

Intercom   |   Intercom 
Working   I Initialization 
Section    |   Section 

Note   User's 
Return   Point 

Establish New Normal 
Return Point to MCP 

Initiate   Service 
on   This  Request 

Exit 

To   Latest MCP 
/Q\\Attention Return    Point 

Exit 

Establish New Attention 
Return Point to MCP 

To Users 
'QWReturn   Point, 

LJ 
Exit 

To Lates+ MCP 
/AXNorrnal Return Pointy 

Finished 
the Users 

equest 

7h 



3-62-4569 

Intercom 
Interrupt 
(Input) 

Entry 
r 
i Intercom 

Interrupt 
(Output) 

Print and Save 
Input  Character 

Note if Attention 
Symbol or 

Carriage   Return 

Console 
Interrupt 

Note Output 
Termination 

Set  for Input 

Exit 

To 
Interrupted 

Program 

77 



READ REAL TIME CLOCK SUBROUTINE 
3-62-4570 

C Exit 
No 

ForHJF 

Read  ^e Clock and SetupC/S: 
ACTUALTIME,   ESTSHIFTED, 

GMTSHlFTED, Jnd GMTM0DU24 

X 
Exit A 
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MAGNETIC   TAPE  5EARCH SUBROUTINE 

362-4571 

T i 

6LO 

( Entry) /\ 

CKIN        J ^  

6e+ up To Search (Binary Wigh Density) -(he 
Master BCOrSTRAP Tape on Unit $ for the 
Requested    Celestial    Program 

Type Out: (tor ex-ample) 
AZ-EL 15 not   on This    System   tape 

J 

Type Cut". 
CKSUM Error.. Retrying 

J 

Yes 

Put Celestial   Proqrarris 
U-TAG    i.i    C/S  CELCOMPSM 

t 
@>A 
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3-62-4572 U 

POINT COMPUTATION   LOOP  SUBROUTINE 

COMPLOOP 

( Entry J  ^ 

Set  to  Display Right 
Assension via   U(RDWX) 

T~ 
Com noon 

Jump Point    / /W 

cxfl ± 
Set to Enter Radiometer 
Program,   if  Active; via 

U(RDMTR) 

1. 

CM 

Common 
Jump Point 

4 
Set to Enter ftie Celestial 

Program tor p, a, 5, p, cc, <5 
for This Time via U(CELCOMPGM) 

I 

CX2 

Common 
Jump Point 

Set to Add   Celestial 
Scan via   U(ADSCN) 

Common 
Jump Point 

CX3 

Set +o  Convert to R, A,E, R 
via U(COCON) 

Common 
Jump Point 

CX4 JL 
Set TO Add   Azimuth  Eteva + ion 

Scan via  U (AE5CM) 
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C X 5 

Set  To  Make   Corrections 
•for   Re-fraction, eTc. 
via     U ( CORCT ) 

^ofinnon 
Jump   Point       / /w 

CYfeA | 

I   Set to Enter fhe Acquisition 
Program via U(ACQUi) 

t 
Common 

Jump  Point       / i_ 

CXfe i 
Set   to   Interpolate R.A.E. 
and Doppler via U( INTER) 

Common 
Jump Point 

CX7 + 
'\N- 

Set to  Couple -fhe Westford 
bite   via   U (WFORD) 

_\ 
Coofimon 

Jump Point      ^  /w 

J 
CExit) ZM 

V 

3-62-4573 
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3-G2-4574 w 

Reinitialize the 
Celestial Program 
for   More   Data 

C^D 

COMMON   JUMP   POINT   SUBROUTINE 

JUMPOFF 

C Entry J 

j 
Save the  Name   of   This Program 
for Timing  and Logging   Purposes 

( 

i 
Read   Real 

lime  Clock 

Note   Present 
Re j I Time 

± 
Enter   the   working 

Section   of This   Program 

Note   Present  Real  Time.     Save 
At= Amount"  of  Time 

Used by This  Program 

Enter the Working  Section 
of DYOMP  via IXDYDMP) 
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3-6Z-4575 

AZIMUTH OUTPUT   BUFFER   CHAIN    SUBROUTINE 

(Enlry)   , 
A7BUFINTRP \ 

Save   All Operational  Reqisters 

f 
Set C/5   L(SYSTATI) to indicate 
System   in Buffer  Loop 

i 
Switch C/S  Indirect   Buffers 
AZIMADO, ELEVADD.INAZIMADD, 

INELEVAD, DOPPAD, RANGEAOO,and WFADD 

Execute er Out on 
Azimuth  Output  Channel 

with   Interrupt 

No 

A{ /iZeaA Real 
Time Clock 

Yes 

Execute an: 
Out on Elevation Output Channel 

In on Azimuth  Input- Channel 
* In on Elevation Input Channel 

Out on Intersite Output Channel 
* With Interrupt 

C0MPAL7 _1 
Switch  the Buffer 

Alternator C/S Mainswitch 

Execute an Out  on 
Azimuth Output   Channel 

without Interrupt 

Enter Workino 
Section of 

Plot  Proqram 

Release Interrupt 
Lockout 

® 
Update   Syster 

Timing   via 
U'.TlMEP) 

Enter Workiii9 
Section   of DPP 

I 
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3-62-4576 Y 

TMRUN 

Update   C/S TRUETIME   Equal 
to Previous Value of c/s DSECowos 
Minus Two Time Increments 

t 
Update   C/S DSECOKiDS  by 
One  Time   Increment 

AAlK NJo 

Terminate    Azimuth 
and   Elevation    Output 

Type  Out'. 
System  Time Limit   Reached 

r 
Type Out: 

Prm4  Results Mow... 
Yes($) or   No (I) 

klo 

Write End oi File and   Rewind 
Recording   Program  Output  Tape 
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®- 

1 
Index Day of the Year 

by Two Days 

Yes 

Set c/S  KEYBRD  Level 

to  Indicate  No Type-Out 

3-6Z-4577 

Index  C/S DAY, YEARMONTH 

I 
Set C/S   SYS TAT 1  to  Indicate 
the   System   is   Initializing 

Reinitialize   COCOKI 
Coordinate    Conversion 

3 
Reinitialize   Celestial 
Computation   Program 

Reinitialize 
Recording 
Program 



3-GZ-4545 
AA 

AAh*- 
Ves 

Set C/S   SYSTATi  to  Indi - 
cate   System in   Azimuth 
Output   Buffer   Chain 

Initiate  Output on 
Azimuth  Channel 

Without   Interrupt 

Yes \        No 
Initiate   Output on 

With   Interrupt 

STILLTIME 

Update  Time by One  Time  Increment   in 
CELTIME,  SCELTIME,   CONVERTIME, SRAD- 
TIME,   HOURMINUTE,   and   SECONDS 

T 
Read Real 

Time Clock /   /<\ 
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BB 
3-62-4546 

in) 

Point Computation 
Loop 

Move    Iwo   Second   Computed 
0a1d   tor   Recording   Purposes 

bet up to Record 
Nominal Map o^ 
C/S ~t00  W^rdj 

Yes No 

Set up to Record 
d Complete Map of 
C/S -~3IO0 Words 

Enter   Working   Section  of 
Recording   to Record   This Block 

Was 
DPP   M 
'opted   by  a   "> 

Lnter   Planning   Program   for 
Rise and   bet   Information 

Restore   All 
perational   Registers 

bxit )A 
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ATTENTION PROCESSING SUBROUTINE 
3-6Z-4547 

CC 

ATTENTION 

(  Ent •TJ A 
' 

SisnCMf (1) 
Type 

Mod(2) 
Out: 
Next Run (3) FVint(4) 

lb Tops 

Utility Prsgram 

Terminate Output on Azimuth, Elevation, and 

Magnetic  Tape  Output   Channels 

Finalise 

Recorclinq 

Program 

Clear  Just   BOOTSTRAPPED 

Indicator c/s   FlRSTHRU 
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DD 
3-62-4548 

FORPRINT 

Terminate   Output on Azimuth, Elevation, 
and Magnetic Tape Output Channels 

Magnetic 
Tape  Search A 

Enter  the Working Section ot Print  Pro- 
gram to   Process   Recording Tape 

Clear Just BOOTSTRAPPED 
Indicator;   C/S FlRSTHRU 

CALLMOOIP^T 

Type Out: 
BELTP (1) Data Processing (2) Scan {hi Record- 
ing  (4) Timing (5)    Other (b) (Choice (1) is fhe 

Celestial Program   Now   in Memory) 
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Yes 

Terminate Output on Azimuth, 
Elevation  and   Magnetic    Tape 
Output Channels 

Intercom 
Interlace A 

Reinitialize   This    \ 
[   Celestial   Program      } 

via L(CE±COMPGM)  / 

3-62-4549 EE 

tvlODSCAN 

Reinitiate   the 
Scan Program 

No Exit trom the   \ 

MODTIME 

of    W- •t     Reinitializing .. 
^x   These Programs     / 

Timing 
Reinitialization 
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3-62-4550 FP 

MODRECRD 

Reinitial \i e 
Recording  Program 

MOOPP 

Reinitialize    Data 
Processing   Prograr 

MODOTHER 

Type Out: 
RADEC Display  (1)    Correction ( 2)       Parameters   (i) 
AcquiSit.on   (4)     CC(5)     DYOMP (6)      Plot  (7) 

@V 
(I) (21 (4) (S) (6) (7) © 

MO0RADEC "| 
MOOCOR 
MODACQUI 
MOOCC 
MOD0D 
MOOPLOT 

Reinitialize the 
Chosen  Program 

GED A 

Initialise the Change 
Parameters Program 
 1  

i 

 t s 
' No Exit N 

v^ from This  Program   ) 
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3-6Z-4S51 GG 
TIMING   REINITIALIZATION  SUBROUTINE 

TIMINIT 

Yes 

A(EE> Yes 

Type Out: 
Enter (at will) New Simulated GMT (HHMMSS) 

Receive New Simulated GMT and Set up C/s 
DSECONOS   wirti This  New Value 

i)2 
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